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By Louis L. Honroe md Martin J. Saari

SUMMARY

An investigation of five oowl-inlet configurations for the B-29
airplsne was made in the NACA Cleveland altituds wind tunnel to ob-
tain design information for improving the 00W1 performance. Tests
were made to determine the affeot of propeller spinners and inoreased
inlet diameters on the oooling-air pressures at the 00W1 inlet and
at the faoe of the engine and on the drag and the oritioal speed of
the oowl.

.,

The oooling-air pressures at the 00W1 inlet and at the faoe of
the engine were appreciably greater“for a 43=inoh-dismeter inlet than
for a 3S& by 35-inoh oval inlet. The addition of a 27-inoh-dianoter
spinner to the 43-inoh-diameter inlet further inoreased the pressures
at the face of the engines whereas the addition of a 32-inoh-diameter
spinner to the sane inlet did not-approoiably afi’eotthe pressure~,
The or~tioal speed of the 3S&by35-inoh oval inlet was slightly
greater than that of the 43.tioh-diameter Inlet. The addition of the
32-inoh.diameter spinner to the 43-inoh-dimneter inlet inoreased the
oritioal Maoh number to nearly that of the oval inleto The oooling
drag of the installation with the 43.inoh.di.mnaterInlet was oons$der-
ably less than with the @-~36-inoh oval inlet.

1 ..

INTRODUCTION
h . . ..

Flight tests’”ofthe B-29 airplane by”the Bo6&g-A,iroraft Company
have shown that the ooolin,g-airpressure recoveries at the faoe of the
engine were low and that pressure losses .o$’as muoh as 0.30 of the
free-stresm imp,aotpressuro ooourred ahead of the engines M inves-
tigation was therefore oonduoted in We NACA Clevelspd altitudo wind. . .



.

tunnel to detormim the origin of these losses and to invbstigate tho
oharaoteristios of several alternate oowl-inlet dmsigns~ ThO t08tB .
wero pqt of an extensive investigation requested by the Air Teohnioal
Sorvioo Conmmnd, Anuy Air Foroes, to.improve tho oooling and reduoe
the oooling drag of the B-29 power-plsnt installation.

Each of the inlet configurationswas tested over a range of inlet
volooi~ ratios, angles of attaok, rnd propeller thrust oooffioients.
An analysis is prwsonted of the offoot of varying those operating eon.
ditions on oritioal speqd.of tho 00W1, total.pressures at the 00W1 in-
let, pressures at the faoe of the engine, and drag of the installation.
Comparisons are made of the different inlQt oonfiguratlons to show
the effeot of ohanges in 00W1 goomotry on 00W1 performsnou.
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/ V. frmsdmmm velooi@, foot poF seoond . .
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. Y1 “ ‘ ““ ‘=io”i& ‘t o~i =s fi~ P“r Soo=d “ ‘ -
..
.“. @o inlet volooi~ ratiok . .

P mass densi@ of air (free stromn), slugs per oubio foot
,, ., . .. . . .“

, “D@2RIPTION OF APPARATUS“. .“.

The testB wore mado on a might inboard naoolle (fig. 1)”of a
B-29 airplane, whioh was powered by en 18-oylindek, double-row radial
with a normal oruising rating of 1350 brake horsopowor at an engine
speed of 2100 rgm and a no~al rating of 2000 brake horsepower at
2400 rpo Tho engino was equipped with a single-stage engine-driven
suporohargor,two turbosuporohargers,and n four-bladed propollor~
Tho propeller was 16 feet and 7 inohos in diameter and rotated at
0s36

oval

ongino spood.

Cowl Inlets”

Fivo oowl-inlet configurationswore

. .

invostigated:

(1) Original production 00W1 with sn oval inlet 3* by 35 inohos
(fig. 2(a))

(2) 39&inoh-disnmtor 00W1 inlet h

(3) 43-inoh-dismetor 00W1 inlet (fig, 2(b))

(4) 43-inoh-dismotor 00W1 inlet with 27-inoh-diamotorprapolmlor
spinner

(5) 49-inoh-dimnetor 00W1 inlet with 32-inbh-dimnoter propollor
spinner (~ig. 2(o)”) .

.1omnparison of these inlets is shown in figures 3 to 5, The
inlet and the 39&inoh-dimnetor inlet were tested with the pro-

duction 00W1 aftcrbo~, whereas the 48-inoh-diameter inlet was test-
m ed with an enlarged.oowl afturb.ody. Tho cowl-%nletmqdifioations

wciremade fcmwn.rdof the bulkhead at station -40, whioh was the some
,for all oonfigu:atiops. (See figs. 3 and 4.) The modifications to
the 00W1 Inlet wero made without ohanging the Mwor lip of the naoolle
duet inlets (See figs. 3 and 5.) . . .

h’” —— . .. ———— - _. —.- —
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Tho coordinates of the upper and lower”lips of the t&oo oowla -
and of tho two spinmrs are givun in tables I and 11. A fixed sf%er-
body was used with the larger spinner. A “dosoriptionof ‘tho 00W1
outlets end flaps is given in reforonco la

Inst*ent ation

The statio-prossurodistributions ovor the upper 00W1 lips and
the lower.duet lips were detwmlnod by statio-prossuro orificos in-
stalled flush with tho lip surfaoes, as shown in figuro 6. Total
prossuros at WY 00W1 inlets woro moasurod by eight rakes of shielded
totd-prossuru tubes, ~hioh wore turned to approxlmatoly alino thcm
with tho propollor slipstream. (Soo figs. 6 and 7.) Total pressures
at the faoe of tho pngine woro measured by nine rakes of shielded
total-pressure tubes looatod between adjaoont front-row cylinders.
(See figs. 8 nnd 9;) The prossuro in front of oaoh of tho 18 oyl-
indor heads was measured by a shielded total-pressure”tuboHhl
looatod as shown in figures 8 and 9.

Thomass rato of oooling-air flow used to dctozmino the oowl-
tilot voloci~ ratio was obtainod from moasur~ents of total pros-
suros, statio pressures, and tunporatuzws at tho 00W1 outlot~ (s00
fig. 6.) Thrust and drag monsurmmnts woro rcoordod by tho wind.
tunnel bslanoa oquipnont.

T.ESTSLND MEI!HODS

Tests woro mado of oac.hoowl-inlet configuration for a rengo
of inlet-velocity ratios, snglcs of attaok, and propdlor thrust
cooffioionts tith the propbllor oporating and for a rsnge of inlet
velooity ratios and angles of attaok with the propollor rmovod.
Tho inlet vcloci~ ratio was varied by adjusting thu cowl-flap
dofleotion. Tests of the”difforant oonfiguratious wore mado”at tho
samo ongino and tunnel oporating conditions to permit direct compar-
isons. lkch configuration was tostod at a prcmsuro altitudo of
15,000 foct, indioatod airspcuds of 190 miles per hour at s@os of
attack of -2° and 1° ond 150 miles por hour at en anglo of attaok

of 3°. Tho anglo of attaok is dofinod as tho inclination of tho
thrust axis to tho wind-tunnel oxis.

Tho two top 00W1 flaps wor~ fixed at a 2&inoh gap throughout
the investigation. For the tests mado vith tho pro ollor rcmovod,

~tho intcmoooler flap doflootion was maintained at 8 and the oil-
ooolor flap doflootion at 4° for all configurations~ For the mm-
parativo tests of the difforont inlets mado with tho propollor
oporating, tho intorcoolor and oi1.0001or flaps were maintained at
approximately tho smna doflootionss
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Tho p~rf0-00 ohard.mrid&s. of’a“&ti6f akto.rjraowl-Xriol&oi -
(1) high oritio~ spoods~ (2) h3gh pmssum. rmmwmiob at the 00W1
inlet; (3) high prossum rooovorios at tho faoo of tho cmgine; and
(4) low drag over thg rango oi’oporating oonditibny.:~.~o OOWIS
tostod aro .ovaluatodon the basis ...gfthtieo‘p-orf’’km.anao“oharaotor-“
istios h tk following“.sogb~c)n~o.“ . ,.;.. ~ .: .. ., “ I .

1: . .:... .. .
t:&i*l~al”Spcod ““.” .” “..,‘ !“

.“.. .
The m.&faoctstatio p~ossures of “thoupp~r o&” ~ips and tho

lowor duet lips aro prosontod.as qtatio-pr~s.surocooffioionts

%&?;ons of inlet volooity ratio, anglo of attack, propeller
The oritioal spoods.nf.tho 00W1 !lnlots&b”disoussod

thrust ooeffioiont, and gqmtry of tho 00W1 inlott .

Effect of inlet volQci@ ratio. . ~o”variation of inlet
volooi~ ratio with Oowl-flap trailing-odg~ gap for tho difforcnt
oowl inlets is given in figuro 100 .lTiththu oxooption of tho 32-inoh-
diamotor spinner installation,.tho .rauge”of blot-volooity ratios
ovor whimh-oaoh of.tihoinlets.was tostiodwas small~

Tho offoots of inlet ~olokity ratio on tho prosm.nw distribu-
tions ovcm tho upper coyl lip and lowor duet lip oro given in figuro
11 for the fivo oowl-inlet configurations. & tho value of V@.
was incroasod, tho stagnation point movod outward on tho uppcm cowl
lips of all oonfigu.r?.tions,which rusultod in lowor nogativo profl-
suro peaks and thoroforo higher.oritionl.spoods,

Changing tho inlet velocity ratio has tho effect of ohsnging
tho anglo of attack of l+o lip.Atlow values of V1/Vo8 tho groator
portion of’tho air approaohing”thd,~bwl”-flows““uoundit snd only a
rolativoly small quantity ontors tho oowl. Tho stro~l~ilos thoro-
foro divorgo sharply ahead of *O inlet.and in offoot Inoroasc the
anglo of attack of tho oowl-lip sections (sketoh (a)), whioh results
in an incroaso in thu nogativo pressur?s on *O outer surfaou of the
lip, (Soo rhfor~oo 2.) Inoromsing tho V+lUO of V~Vo dooror.sostho
offootivc anglo of attaok of tho cowl lip-aud thoroforo dooreases tho
nogativo prossuro pooh. (s00 sktiph (b).)

Oowl

Skotoh (a) Skotoh (b) .
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The pressures on the lower lip were
ohanges In the c~l- Net velooity rat10

not 60 greatly affect~ by
aa were the pressures on the

upper lip, The &easures on the lower.duct lip ~e principally de-
pendent on the inlet velooity zatlo of the nacelle duct inlet. The
vari.aticmof statlp pressures on the lower duct lip with oil-cooler
and intercooler flap deflections, whi~h control the Inlet velocity
ratio-of the nacelle duct inlet, is shown in figure 12,

Effect of ang10 of attack. - Tho effect of angle of attaok on
the pressure distribution over the upper cowl lip and the lower
duct lip of the Inlets Is prese~ted In figure 13. Increasing the
angle of attack of the nacelle Increased the negative pressure peaks
on the upper cowl lips and decreased the pressure peaks on the lower
duct lipS, The increase In the negative pressure peaks with lncroas-
hgangle of attack is attributed to the shifting of the stagnation
point on the upper lip to the inner surface of the lip, whloh results
In high 100al velocities over the leadlng-edge radius and therefore
high negative pressures. Inasmuch as the lower duct lip acts as an
inverted airfoil, themeffects of changes in angle of attack on the
pressure peaks of the lower duct lip were opposite to those that
occurred on the upper 00W1 lip. (See fig. 13.)

Effect of pro@ler” operation. - The pressure coefficients of
the upper cowl lip and the lower duct lip were not greatly influenced
by ohanges In propeller thrust. (See fIgs. 14 and 15.) The data
show that the negative pressure coefficients were slightly reduced
on both the upper cowl and lower duct lips with an increase in the
value of T=. Greater reductions In the maximum negative pressure
coefficlente were obtained on the lower duct lip than on the upper
cowl lip for the same increase in the value of Tc owing to the in-
oreased charge-air flow through the nacelle duct at the higher power,
which resulted in a higher inlet velocity ratio of the nacelle duct
blot .

Effeot of changes In Cowl-inlet gecxnetry.- A c-lson WELS
made of the effect on cowl-lip pressure distribution of the changes
in the cowl-inlet ~omet~ resulting from increasing the inlet area
and from tnetalllng the propeller splnnors. (See figs. 16 to 19.)

As the size of the coyl Inlet was increased fr& a 3#~ by
35-tnch oval to a 43-inch diameter, the negative pressure peaks on
tha upper 00W1 lip increased 0.30 goat an an@e of attack of -20
and 0.60 ~ at an angle of attack of 30 for the same cooling-air
flow. (See fig. 16.) The @ater “negativepressures and the lower .
oritioal speed experienced with the larger.inlet are the result of . .
tho ccmbhed influence of the lower value.of V1/Vo and the decreased
osmber of the upper lip of.tha.larger inlet.- (See sketoh (c).) .

. . . ..,.

——mm m— —n - ml —m--l -
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Upper OOW1 lip 0? ‘“ “- ,“~
48.inoh-di&tor inlti . ,
Upper oowl lip of
3* by 3Wnoh ov~ til~

.. ., “

Sketoh (o)
.

Inasmuoh 8s th”ooontours‘ofthe upper OOW1 lips of”the.-ovala+ tho
W&imh-dimeter ihlets wore approxim+toly tie same (fig. 4), the
prossuro distributions over the upper OOW1 lips wero similar. Tho
peak nogntive pressures on the Iowor duet lips of the inlets were
greater than on th~ upper lips at an anglo of attack of -2° (figsa 16
to 19) and, ooqsoquently, the oritioal speeds of the OOWIS at an
anglo of attaok of””.2°woro dotorminod by tho lower dust lips~ .

Tho nogativo prossuro peaks on tho upper 00W1 lip-of the 43-inoh-
dimmrtor inlet wore roduood 0020 q. at an angle of attadk of -2° by
tho addition of tho 27-inoh-dfsmetor sphnor and 0.30

%
by the addi.

tion of tho 32-inoh-diamotor spinwr. (See fig, 17.) an anglo
of attack of 3 , tho negativo prossuro peaks wero red~oed 0.20 ~ by
tho 27-inoh-dismotor spinner end 0~55 q by the 32-inoh-diamuter

? tho eamo air flows throughspinner+ Thoso comparisons wora mado a
tho inlute The addition of tho spinners inoroasod tho oowl-inlet
volooity ratio and pmmittod a moro grndual deflootion of tho streom-
linos around tho oowl, thoroby roduoing tho offootive angle of attaok
of the 00W1 lipsm (See skc-tohos(dj and (e).)

.

lip

Skotoh (d) Sketoh (o) .

— — — .-.
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The lower duet-lip pressures.(figs. 18 and 19) were arrproxlmatelythe
same for all configurations tested, with the peak negative pressures
for the large inlet slightly higher than for the other inlets.

A SUUU~ of tho date eho~ the effoats of inlet vdooity
ratio, angle of attaok, and ohanges In tie gmanetry of the 00W1 in-
let on the posk negative pressures on the upper 00W1 lips is pro-
somtod in figure 20 for the difforont configurations.

Based on the peak negative pressures given in figureq 16 end 18,
the oritioal Uaoh numbers (fig. 21) of the difforsmt oowls.woro.
dotorminod by the method given in refer.moo 3. Inasmuohrnthe data
have not been oorreoted fortho @foqts of tunml-wall rostrictiona
tho oritioal Kaoh nmbers prosentod serve only as a basis for ocun-
parison. The truo oritioal Maoh numbers obtafied in flight would
bo somowhat groator than thofioobtained in tho wind tunnol~

A comparison o~ the dritioal speeds of the different OOWI in-
lets (fig. 21) sh-s that the oritical speed of tho 38* by 36-inoh “
oval.inlet vraaslightly greater than that of tho 43-inoh-dismctor
inlet. The addition of the 32-innh-dimneter spinnar to tho 43-inch-
diametor inlet incresed the oritimal llaohnumber to nearly that of
the ovel inlet. For all the inlets investigated the critioal Kaoh
nmnbor of tho -lowerdud lips was from 0.06 to 0.09 less than for
the upper oowl.lips~

Total Pressures at Cowl Inlet

Tho total pressures at the cowl inlet are loss than the total
pressure of the freo stroom by an omount equal to tho lossos ahead
of tho inlot~ Thoso losaos rasult from the drag of the propollor
blado shanks and thu hub or spinner. Tho effects.of tho incroasod “
inlet disunotorssnd the propollor spinners on the oowl-inlet pres-
sures aro prmentod in this seotion as .funotionsof inlet volooity
ratio, anglo of attack, and propellm oporating conditions. The
distributions of total pressures at tho oowl inlet aro prosatod as
contour maps .in”figuros22 to 25 and the average wolghtcd total
prossuros at the’upper spd lower halves of the difforontl.nlots are
given in figuru 260 -

-.
Effeot of inlet volooity ratio. - The total-pressure qontoura

for tho owkl and the 43-inoh-diamotor inlets woro.no+ appreciably” o“
affected by changes @ tho inlet ve~ooity ratio. ~Soo figs- 22
and 23.) For tho spinner oonfiguratidnE,howev~r, the tatal-pressure”
distribution around tho inlet annulus was not so uniform at low -
values as at high VRIUOS of /V. (Soemfigs. 24and 25.) “The “

Wpressurcm at”the upper”half o t o inlets “ofthe spliuiaroonfigur-atiokm
dooroasod with adocroaso h inlet vclooity ratio, whoroas the pros-
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sures In the
- in-the total

inlert.6aused

E!icio”” 9

... #
iiwer”’i$iif?? tie,$@@ @r& imohmlged: ““lb:dea~ease “
.p.ressures(about 0,12 “q )‘at-the @p&r- hAU’ of the,oowl :
by_tha addztion of the.~%ingh-diamet er sptier Las iuore

~J~. pronounced th&- that ‘~&uEI&lby the””?7-in&+336meter spinner (only ,
0.03 ~) at angle? of attaok of’-2° $ul .3°.. ~~..: , “ ~ . . . ,

. .

!l%e.1*. i-:tio%i’es$.nthe ‘upperportiori.of .*e inlp~ at low in-
let veloti~& raMbs. are .qttrib@sd’tb.separation.pf:the ooollng-air
flow f’rcra.the upper.surfiio,~of ttiespihmr. A deta3led diaouqsion
of the bouudary-ls$er separation”phemcnueda.1s given in refarenoes“
2snd4m . ‘ - ‘ .,::. .. ...

For the configurations without epinners, the oowl-inlet pressures
measured with the propeller racovad increased slightly with increased
inlet velooity ratio. (See figs. 26(e) to”26(o),) With the pro-
peller operati~, ohanges in the inlet ve~ooity ratio had little
effect on the inlet total pressures.

Effect of angle of.attwk, - The totai-pressure.oontours for
the oval and 4%.inoh-d~~nlets were almost symmetrical about
the thrust axis at an angle of.attaok of -~o for ~11 test conditionsc

(See fig~. 22 and 23.) For the oorifiguratioqswithout spinners, an
inorease in anflleof attack from =2° to 3° deoreased the average
pressures at the upper halves of the inlets by 0.10 q and increased
the pressures in.the lower halves by about 0.10 qo. rSee figs. 26(a)
to 26(c).) For the oonfiguratio,nswith spinners (figs. 26(d) and
26(e)) the effeot of increasing the angle of attaok on inlet pres-
sures was more pronounced and losses of as much as 0020 ~ ooourred
in the upper half of the 00W1 inleto “

. Effoot of propeller gperation. - fie total pressures at the
inlet of each oonfiguration.were considerably higher end more unifozm.
with the propeller remved thu.wi@ the propeller operating. (See
figs. 22 l+ 25.) The redu.o.tionin pressure resulting from the in-
stallation of the propeller was about 0.07 ~ for the 4tW_rmh-dismeter
inlet and about 0.14 q. for the smaller oval inlet. (See fig. 26.)
Changes in.tie.propeller,thrupt-coefficient.To (fig. 27) ;~adno
appreciable @f,e@ on the oowl-inkt.p.ressuresm . .. ..

..:
Wfeot &f oh&g es ‘inoowl-inlet geometry, - T%O averages of the.

welgh~ed tolnal&.tiasIIYe;at the OOW1 inlets of sweral configurations
are–oompared at-the same coo.lin&air fldw in flQure.28, ‘Withthe

* prop911er renoved (fig..28(a)),.l+e.av~rhgepressures at the oval
inlet were gli~tly hi@er thtithe prsssures at the 43-inoh-diameter
inlet. ,The most s&&lfio~t ohanges resulting..fromthe addition of
the 32rinoh-diqnder~ spinnqr t~ the 4+inoh-diameter inlet were the
deorease of the total pressuikm in the upper hdf.of *e $nl~ at ~.. .
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angle of att~ok of 3°1md the inorease of the total pressures in the
lower half of the inlet at an angle of attaok ~ -2°.

With the propeller operating (fig. 28(b)), increasing the inlet”
ai’eainoreased the average of the weighted total preamrea over the
entire inlet by about 0.07 ~ at all angles of attack. Proportion-

ately less of the larger inlet is blooked by the propeller, whioh
aooounts for the higher pressures obtained at the 43-inoh-diameter
inlet. The average pressures at the 43-inoh-diemeter inlet were
further horeased by about 0.07 q. at an angle of attaok of .2° by

the addition of the propeller spinners. At an angle of attaok of
30, the spinners improved the average inlet pressure by only 0.03 qo.

Total Pressures at Faoe of En&e

The total pressures at the face of the engine are less than
the-pressures at the inlet owing to the diffuser losses. The dif-
$uskr losses, whioh vary with operating conditions and diffuser
design, are shown in figures 29 and 30 for several inlet oohfigura-
tions. The values presented in these figures have been oaloulated
from the average of the weighted total pressures measured over the
entire faoe of the engine. Increasing themas~ flowof oooling air
corresponding to higher engine pressure drops AP/%) inoreased the

diffuser losses. The diffuser losses for the spinner configurations

P

were oon$iderably hi er and inoreasedmore rapidly with an inorease
in the value of Ap q. than the losses for the other configurations.

The oontour maps shoting the total-pressure distributions at
the faoe of the engine are presented in figures 31 to 33 for several
configurations. The average weighted total pressures at the upper
and lower halves of the faoe of the engine, as measured by the inter-
oylinder total-pressure rakes (figs. 8 and 9),‘sad the average total
pressures of the upper and lower nine oylinder heads with the differ-
ent configurations, as measured by total=pressure tube Hhl, are
given in figure 34. .

faoe
Ssmo

head

.

Effeot of inlet velooity ratio. - The pressuro oontours at the
of the engine for several inlet configurations were aboti the
for all inlet volooity ratios. (See figs. 31 to 33.)

Inoreash.g the inlet velo@ty ratio had little effoot on oylindor-
pressures for the dtiferent configurations. The pressures of

tho upper nine oylhder heads definitely inoreasod for the oonf’igura-
tion with the 32-inoh-diameter spinner. (See fig. 34(e).) For all
oonfiguratione,however, the average pressures over the faoe of the
engine, whioh imluded both oylinder-head and barrel pressures,
deorcased with an inorease h the value of V#Vo.
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EM eot of angle of.attaok. - The honunifonh
-... the.OOW1-inlets also .Ooourred at the fame of the

.

al

pres”suro?sobserved at
engine. (Se,e”rigs.

51 to 33.). The pressures at the faoe of the ‘upperhalf o? ‘the engine -
(fig. 34) were muoh lowerthan the pressures tit.the 1- ha@. of the
engine. .%sthe angle of attaok wss inoreised from -2° to 3°i the dif-
ference between the pressures at the upper end lower halves of the
engine inoreased; at an angle of attaok of 3° the average pressures in
the upper half of the smgine were.shout 0.10 to 0.16 q leas than at
the lower half of the engine. (See figs. 34(a) to 34 to).) The largest
pressure clifferenoes between the tipperend ldwor ‘halvesof thq engine
were measured for the configurationswith spfnners (fig. 34(:e)).

EXfeot of ohsnges in oowl-inlet geomet - .Theaverage of the 18
.oylinder-head pressures measured with th “ noh-diameher’inlet was
about 0.10 q. greater thsn that measural with the smaller oval inlet●

(See figs. 35 and 36.) The addition of the 27-inoh-dimneter spinner
to tho large inlet inoreased the average oylimder-haad pressure about
0.03 qc, whereas the addition of the 32-inoh.dismeter spinner had no
appreciable effeot on the average oylinder-headpressures- The aver-
age pressures over the faoe of the engine, whioh inoluded the pressures
of both the oylinder heads end barrels, were aleo greater for the
large oiroular inlet than for the small oval inlet.

The wessure ~radients from the tunnel free stremn to the face of
the mgin~ are com~ared
sngles of attaok of -2°

at the smne oooling-air flow in figure 37 at
end 3° for the different inlet configurations.

Installation Drag

The comparative drag of the 43-inoh-dlsmeter inlet sndthe 3@-
by 35-inoh oval inlet was determined by testing e@h of tie inlets
with a production afterbody. The test8 were oonduoted at .spressure
altitude of 15,000 feet snd an indicated airspbed of 190 miles per
hour. The drag of the 43-inoh-disineterinlet with ond without the
32-inoh-dimneter spinner Is oompared with the drag of the oval inlet
in figure 38 over a rsnge of oooling-air pressure dropsAp/qo for
normal cmising mid normal rated powersO...

The average oooling drag of the installation with the 43-inoh-
dismeter inlet was about 60 horsepower less at hormal oruioing power
and 61 horsepower less At nonudl rated power t@n for the installation
with the 38& by 3&inoh oval inlet. For hi’gh-speedflight of the
airplane at sm altitude of!t”15,000feet and en indioated a&speed of
250 miles per hour, the lower cdoling drag of the 43-inoh-dismetor

,inlet is equivalsmt to an inorease-of about 108.thrust horsepower.
(See fig. 58(b).) Thfs mduotionin coolihg drag results from lower
pressure losses h the inlet and diffuser of the 43.inoh-dismeter
inlet Oowl.

-..
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me addition of *h6.$2-@~~dimqter’”s~i~dr to”tlie4S&&~ “ “
diameter-inlet decreasqd the &ag of the instql~ation.by about .7 ●

horsepower at en indioatbd~eirspoed of 190 m~les por hour and by .
about 15 horsepower ‘at‘thehim-speed oonditian of ,260miles psr
hour indicated-eirspeed. . “- . .

Tho
altitude
tion8

1.

. .

SbWARY tiF,REW.JLTS

fAllowing results mro obtained fran.an
wind.tumnel of 00W1 inlets for the B-29

.. -
..

. .

investigation in the
powor-plant”installa-

..

The oritioal speed~ of the upper 00W1 lips and lower duet
lips of the.fivo inlet configurations-investigated increased with in-
oreases in the ooil-s.nlet”velooityratios The msxh.am negativa pres-
sures at the lowor duct l“ipswere more sffeotod by varia+ion in the . .
inlet velocity ritio of tho nac3110 duct than by variation in.the
inlet velacfty ratio.”o~the 00W1 inlet, .

..

2. The critical”llaohnumber of thk upper lip of the S@- by ‘
35-inoh oval inlet was somulhat greater than for tho 43-inoh-diareter
ihlut. The add5tion of the 32-inchYdimneter spinner to the 43-inoh-
dismotor inlet inc?rea,sodthu critioal Maoh number to nearly that of
tho oval inlet. For all inlets.teetedthe critical Mazh.number of the-
lower dust lips was from 0.050 to 0.092 less than for the upper OOW1
lips.

3. Increasing the oowl-inlet area from the 38& by 3&inah oval
inlet to tho 43-inoh-diameter inlet increased tho avurage cowl-inlet
pressures by about 0.07 of tho free-strwxn””hpact press~e qo’at all “ ‘
angles of attaok, “oausedby the more effectivo blado sections behfnd “ ,
whloh the larger inlet was looatod, The average oowl-lnlot pressures ‘
wore further inoroasod by about 0.07 ~o.at an angle of attcwk of -E”
by the addition of the 27-inch-~and32-ir.ch-diametarpropeller spinners -
to the 43-inoh-iiimneter00W1 inlet. . I

4. Changes in the propeller thrust moffictent had ZM appreciable
effect on tho oowl-inlet.pressures●

.“

5. With the propoller operating, ch&ges in the inlet velocity
ratio had little dffeot on tho oowl-inlet pressures of tho omfigura-
tione without spinners. Tho average prossufos at t~o upper half of
the inlet with tho 32-inch-dimnotor spinner, how~”er, dooroased . ““
0.14 q. with a.deorcase intho valuo of inlet voloQi@ ratio over.
tho o~~rating xango investigated. This offoot is att~$butod to
aration of tho air flow from %he upper surfaoe of the epinncr. “

. .

,..

,.

I
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---- 6. Increasing the angle of cittaokfrom -2° to 3° reduood the’
‘total presbures in the”upper half.of the different tilote by about
0..10to 0.20 qo; tho groatost reductions ooourred with the Epinnor
installations. , :

.“.
7. Tho Oowl-diffiusm Iossos for $ho 32.inoh-d.ismotorsp~or

installationworo oonsidorably hi~er and j.noi=oasodmoro’rapidly,.
with ooo~ing-hir flow than tho 10SEOS for the installation without
spinners.

,

b
. 8. The average oftho 18 Oyii?idim-headprossure~ obtainod.with

tho 43-inoh=dismGt,orinlet was about 0.10 q. higher than thoso obtained
with *O oval inlet at all angles.of attaok. The .pdditionof tho 27-
inoh-diameter spinnw to tho larger inlut hrthqq inorQsctd *ho aver-
age cylindur-head prossmo by about 0.03 ~, whoroas the 32.inoh-diem-
oter spinner had no approciabla offoot on tho avorago prossuron

90 Changes in inlet velooity ratio> angle of ktt ek, and pro-
peller operation had the smne general effeot on the tlv.ragepressures
over the faoe of the engine as on the pressures at the cowl inlet,

10. At a pressure altitude of 15,000 feet snd an indicated air.
speed of 190 miles per hour, the average oooling drag of the instal.
lation with the 43-inoh-dimueter inlet was about 60 horsepower less
at normal cruising power than with the 38& by 35-inch oval inlot~
For the hi~h-speed oondition (indicated airspeed, 250 mph) the lower
oooling drag of the 43-inoh-diameter cowl i.lletis equivalent to an
increase of 108 thrust horsepower.

Aircraft ~gine Research Laboratory,
National .ldviso~~Conmittee for Aeronsutios,

Cleveland, Ohio

.
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TABLE I - COORDINATIB OF UPPEl COWL-LIP AND L- DUCT-LIP SICTIONS

—.

&

o
.26
.50
● 76
,87

1.00
1.26
1,50
1.75
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3.25
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10.44
10.62

——

:n,er
,urfane
o
-.8’7
-1.10
-1.28

-1.37
-1.44
-1.46
-1.46
-1o43
-1.41
-1.37
-1.31
-1,25
-1.,12
-.94
-.78
-.062
044

2.25
3.50
4.12
4.28
4.31
4.50
4.53
4,56
4.62

_u~pgr Alp
3s-$-“Ach
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oowl inlet
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0
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2.93
3.18
3.44
3.62
3,87
4.06
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6.94
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8.31
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0
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oowl inlet
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1,56
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TABLE I1 - COORDINATES OF 27-INCH- AND 32-INCH-DIAMETER PROPELLER SPINNERS

—.

/

I
I

I

I
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1
I
I
I
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I
I
I

z
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1

x o 1“ 2 4 G 8 10 12 14 16 18 20 22 24 26 28 30

Y 0. 1.95 3. 457 5.88703 8.04 8.92 9.69 !0.38 11.01 11.5812.10 12.57 12.98 13.32 13.50

\
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x o ,5 1.0 2bo U90 6.0 8m0 10.012.0N.o 16.018.020.022.02%0 a.o 28.0 30.0 32*O3%0 W.9

Y o 1.252.12 3.23 5.126.62 8.069.18 10,18i1.2512.0012.68 13.31 13.87IW3 14.9315,3115s6815.8316.0016.00 .
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Figure I, - Right inboard nacelle with production COWI inlet.
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(a) ~*l_.
by 35-inch oval (original) COW I inlet.

2
Figure 2. - Front view of power-plant installation in altitude wind tunnel with various

cowl- inlet configurations.
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(b) 43-inch-diameter cowl inlet without spinner.

Figure 2. - Continued. Front view of power-plant installation in altitude wind tunnel
with various cowl- iniet configurations.
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(c) 43-inch-diameter cowl inlet with 32-inch-diameter spinner.

Figure 2. - Concluded. Front view of power-plant installation in altitude wind tunnel
with various cowl- inlet configurations.
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Figure 3. - Composite drawing showing cowl inlets.
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Figure 14, - Composite drawing of upper-lip sections ot cowl inlets showing propeller

blade sections,
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Figure 5. - Composite drawing showing 27-inch-and 32-inch-diameter propeller spinners
installed on a W3-inch-diameter cowl inlet.



r-Cowl-outlet pressure
tubes

B Static-pressure orifices

/ ..0--4%’%0 \

t-

Static-pressure

orifices

up

L’
I nboard

NAT 10NAL ADVISORY
CWI TTEE FOR AERONAUT 1CS

Figure 6. - Location of cowl-inlet and outlet total-pressure tubes and cowl-lip-surface

static-pressure orifices on 38J-by 35-inch oval (original) COWI inlet.
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Figure 7. - Installation of CO WI- inlet total-pressure tubes.
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Figure 8. - Location of intercyi~nder total-pressure tube rakes and center front
cylinder-head total-pressure tube Hhl.
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Figure 9. - General location of instrumentation on engine cylinders.
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Figure 10.- Effect of cowl-flap trailing-edge gap on Inlet
velocity ratio. Pressure altitude, 15,000 feet; indicated
airspeed, 190 miles per hour; angle of attack, -2°; thrust
eoeffiolent~ 0.038.
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(a) 38~by 35-inch oval (original) cowl inlet.

Figure Il. - Effect of inlet velocity ratio on pressure dis-
tribution over the upper cowl lip and lower duct lip.
Propeiler operating; thrust coefficient, 0.038: ●ngle of
attack, -20.
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(b) 39~-ioch-di ameter cowl inlet.

Figure II. - Continued. Effect of inlet velocity ratio on
pressure distribution over the upper cowl lip and iower
duct lip. Propeller operating; thrust coefficient, 0.038;
angle. of attack, -2°.
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Figure 11.-
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(c) 43-inch-diameter cowl inlet.

Continued. Effect of inlet velocity
pressure distribution over the upper COW] lip and lower

ratio on

duct lip. Propeller operating; thrust coefficient, 0.038;
angle of attack, -2°.
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(d) 43-inch-diameter cowl ”inlet with 27-inch-diameter
spinner.

Figure II. - Continued. Effect of inlet velocity ratio on
pressure distribution over the upper cowl lip and lower
duct lip. propeller operating; thrust coefficient, 0.038.
angie of attack, -2°. v
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(e) W3- inch-diameter COW I inlet with 32-inch-diameter
spinner.

Figure Il. - Concluded. Effect of inlet velocity ratio on
pressure distribution over the upper cowl lip and lower
duct lip. propeller operating; thrust coefficient, 0.038;
angle of attack, -2°.
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Figure 12.- Effect of oil-cooler and intercoolerflap deflectionon maxim~- -
negative pressure coefficientsof lower duct hp. Propeller removed; 43-
Inch-diameterCOW1 Inlet.
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(a) -38~-by 35-inch oval (original) cowi inlet; inlet

velocity ratio, 0.324.

Figure 13. - Effect of angle of attack on Pressure distribu-
tion over the upper cowl lig and tower duct lip. Propeller
operating: thrust coefficient, 0.038.
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(b) 39.&inch- diameter cowl inlet; inlet velocity ratio,

o.2~o.
Figure 13. - Continued. Effect of angle of attack on

pressure distribution over the upper cowl lip and lower
duct lip. Propeller operating; thrust coefficient, 0.038
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(c) 43-inch-diameter cowl Inlet; inlet velocity ratio,
0.192.

Figure 13. - Continued. Effect of angle of attack on
pressure distribution over the upper COWI lip and lower
duct lip. Propeller operating; thrust coefficient, 0.038.
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(d) 43-inch-diameter cowl inlet with 27-inch-diameter
spinner; inlet velocity ratio, 0.322.

Figure 13. - Continued. Effect of angle of attack on
pressure distribution over the upper cowl 1 ip and lower
duct lip. Propeller operating; thrust coefficient, 0.038,
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(e) 43-inch-diameter cowl inlet with 32-inch-diameter
spinner; inlet velocity ratio, 0.381.

Figure 13. - Concluded. Effect of angle of attack on
pressure distribution over the upper cowl lip and lower
duct lip, Propeller operating; thrust coefficient, 0.038
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(a) Propeller removed.

Figure 22. - Total-pressure distribution at 38~-by 35-inch
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(b) Propeller operating; thrust coefficient, 0.038.

Figure 22. - Concluded. Total-pressure distribution at 38$

by 35-inch oval cowl inlet.
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(b) Propeller operating; thrust coefficient, 0.038.

Figure 23. - Concluded. Total-pressure distribution at the
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Figure 2#. - Total-pressure distribution af 43~inch-diameter
cowl inlet with 27-inch-diameter spinner. propeller
operating: thrust coefficient, 0.038.
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Figure 25, - Total-pressure distribution at 43-inch-diameter
cowl inlet with 32-inch-diameter spinner,
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(b) Propeller operating; thrust coefficient, 0.038.

Figure 25. - Concluded. Totai-pressure distribution at 43-
inch-diameter cowl inlet with 32-inch-diameter spinner,
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Figure 3i. - Total-pressure distribution at face of engine

with 38~-by 35-inch oval cowl inlet,
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(b) propeller operating; thrust coefficient, 0.038.
Figure 31. - Conclu ed.
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Total-pressure distribution at face

of engine with 38T- by 35-inch oval cowl inlet.
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(a) Propeller removed.

Figure 32. - Total-pressure distribution at face of engine

with W3- inch-diameter cowl inlet,
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Figure 32. - Concluded. Total-pressure distribution at face
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(a) Propeller removed.
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Figure 33. - Total-pressure distribution at face of engine
with U3- inch-diameter cowl inlet with 32-inch-diameter
spinner.
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Figure 33. - Concluded. Total-pressure distribution at face
of engine with 43-inch-diameter cowl inlet with 32-inch-
diameter spinner.
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Propeller operating; thrust coefficient.Tc, 0.C38;
Ap/qe, approximately 0.50.
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